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This paper discusses the radioactive contamination of soybean fields in Ibaraki from 2011 to 2013 after the 2011
accident at the Fukushima Daiichi nuclear power plant (FDNPP). After the accident, large quantities of radioactive
material were released, some of which was deposited on the ground. However, although agricultural produce from this
region has levels of radiocesium below the maximum permitted concentration in food, people refrain from buying
agricultural produce from this region, and negative information still persisted in 2015. In this study, as part of efforts
to further reduce levels of radiocesium and restore consumer confidence in agricultural products from Ibaraki
prefecture, we examined the effects of different tillage systems (moldboard plow, rotary cultivation, and no tillage) and
three types of winter cover crop (fallow weeds, rye, and hairy vetch). Measurements taken before tillage in 2011
showed that the radiocesium concentration in the surface soil (0-2.5 cm) was higher than that in deeper layers (2.5-15
cm). However, after rotary cultivation in 2012, the concentration in the 0-2.5 cm layer was reduced and that in the
2.5-15 cm layer was increased. The concentration in weeds was significantly higher than those in the hairy vetch or
rye during 2011 to 2013. The transfer factor (TF) in weeds was higher than that in hairy vetch or rye from 2011 to
2013. The radiocesium concentration and TF in soybean crop residue were higher than harvested soybeans those in
from 2011 to 2013, although those in the soybeans were lower than the limits in food determined by the Ministry of
Health, Labor and Welfare of Japan. The radiocesium contamination of soil, soybeans, and cover crops has decreased
every year since the FDNPP accident. To further reduce the uptake of radiocesium into crops and restore market
confidence in agricultural produce from Ibaraki, it is necessary to conduct more studies on the relationship between
radiocesium and soil and crops.
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───────────────────────
Introduction
Following the Great East Japan earthquake of 11
March 2011, a huge tsunami struck the Tohoku district,
seriously damaging the Fukushima Daiichi Nuclear
Power Plant (FDNPP). A large quantity of radioactive
material was released, including 134 Cs (half-life of
2.06 years) and 137Cs (half-life of 30.2 years), which
have harmed local agriculture.
Research by the Ibaraki Prefectural Government
(2015) suggests that people are still reluctant to buy
agricultural produce from Ibaraki prefecture. In March
and April 2011, high levels of radioiodine from the
FDNPP accident were detected in agricultural produce
from Ibaraki, and several lines of agricultural produce
were withdrawn from the market because of radio-
active contamination. Because of longevity of half-
life radioiodine is a week this contamination were
disappear after one month later, however, radiocesium
concentrations in produce have been far below the
provisional standard limits in food (500Bq/kg). Im-
mediately after the FDNPP accident, the price of
vegetables in the Metropolitan Central Wholesale
Market which located at Tokyo fell dramatically and
was less than in the same month the previous year.
Around June 2011, the market price had recovered to
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90% of that of an average year, and in January 2012, it
was over 100%. Over the whole of 2012, the price of
vegetables in the Metropolitan Central Wholesale
Market was 93% of that in an average year. However,
despite the recovery of market prices of vegetables
from Ibaraki, sales of vegetables for commercial pro-
cessing and numbers of customers at fruit farms and
farmers’ markets began to decrease (Yomiuri Shimbun,
2015).
Today, radioactive contamination of agricultural
produce is far below the new standard limit (100
Bq/kg). Thus, demand for agricultural products from
Ibaraki prefecture should be experiencing a recovery.
However, a survey conducted by the Yomiuri Shimbun
(2015) 4 years after the accident shows that although
the number of customers in the Tokyo area who choose
not to buy produce from Ibaraki has decreased to
below 10%, people from the Kansai and Hokkaido
areas are still reluctant to buy agricultural produce
from Ibaraki. This result shows that negative percep-
tion still strongly persists.
Radiocesium contamination in soil has been dis-
cussed by many researchers. For example, after the
FDNPP accident, Harada and Nonaka (2012) found
higher concentrations of radioactivity in a rice field in
Niigata in shallower soils in general; Kato et al. (2012)
reported the depth distribution of radionuclides in
Fukushima; and Shiozawa et al. (2011) reported the
vertical distribution of radiocesium concentration in a
rice field at Fukushima. However, there are few
studies of the transfer of radiocesium from soils to
crops in Ibaraki.
Therefore, as part of our efforts to restore consumer
confidence in agricultural products from Ibaraki
prefecture, we are studying ways to reduce the uptake
of radiocesium into crops. Recently, we reported that
tillage can reduce uptake (Hoshino et al., 2015). Here,
we investigated the annual trends of radiocesium
concentration and transfer factors (TFs), which relate
soil concentrations to plant concentrations of con-
taminants (Kostiainen et al., 2002), in cover crops and
soybeans.
Experimental site
This experiment was conducted at the Ibaraki
University Center for Field Science Research & Edu-
cation study site in Ami, Ibaraki prefecture (soil
texture: CL LiC Andisol), from 2011. The site is ap-
proximately 170 km southwest of the FDNPP. The
main summer crop is soybeans (cv. Natto-shoryu).
Cover crops of hairy vetch (Vicia villosa Roth), winter
rye (Secale cereale), or natural fallow weeds ar0e used
as green manure in winter. Tillage type and cover crop
were the experimental factors. Tillage systems were
rotary cultivation (15 cm deep).
Radiocesium contamination in soil
In 2011, the concentration of radiocesium in the
surface layer (0-2.5 cm) before tillage was 1766.3
Bq/kg, far higher than the 20.5-53.6 Bq/kg found in
the lower layers (2.5-30 cm) (Fig. 1). In 2012, after
rotary cultivation, the radiocesium concentration in the
0-2.5 cm layer was 829.7 Bq/kg, lower than in 2011,
and that in the 2.5-15 cm layer was 447.6-883.2 Bq/
kg, higher than in 2011. It was 11.1-66.5 Bq/kg in the
deepest soil layer (15-30 cm). Rotary cultivation can
till to a depth of only 15 cm, and the radiocesium con-
centration tended to be uniform (Fig. 1).
Radiocesium contamination in cover crops
Cover crop species were winter rye, hairy vetch, or
native weeds (fallow). Every year, rye accumulated
the most biomass, and the weeds accumulated the least.
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Fig. 1. Vertical distribution of radiocesium (134 Cs
＋
137
Cs) in soil following rotary cultivation (2011-2013).
Modified from Hoshino et al. (2015).
The radiocesium concentrations were 73.7-8134.6 Bq/
kg in weeds, significantly (p＜0.05) higher than the
17.5-1035.2 Bq/kg in hairy vetch and the 3.1-186.1
Bq/kg in rye, from 2011 to 2013 (Fig. 2). TFs were
0.35-50.32 for weeds, 0.08-6.41 for hairy vetch, and
0.01-1.87 for rye, from 2011 to 2013 (Fig. 3).
The radiocesium concentrations in the cover crops
were significantly (p＜0.001) reduced during the three
years from 2011 to 2013 (Figs. 2, 3).
Radiocesium contamination in soybeans
The radiocesium concentrations were 6.5-12.7 Bq/
kg in soybean grain, lower than the 9.7-36.5 Bq/kg in
soybean crop residue, from 2011 to 2013 (Fig. 4). TF
values of the grain were 0.03-0.08, which were also
lower than the 0.05-0.23 of the crop residue (Fig. 3).
After the FDNPP accident, the concentrations in both
grain and crop residue were lower than the limit in
food (Ministry of Health, Labor and Welfare 2012)
(Fig. 4). The concentration in soybeans in 2012 was
dramatically less than that in 2011.
Conclusions
The vertical profile of radiocesium after rotary
cultivation was completely different from that before
tillage. Furthermore, radiocesium concentrations were
higher in the surface soil than in the deeper soil layers.
Levels of soil and crop contamination by radio-
cesium and the TF values have decreased after the
FDNPP accident. This decrease is explained by the
short 2.06-year half-life of 134Cs, soil erosion by till-
age, and radiocesium uptake by crops.
However, although the levels of radiocesium are
below the official maximum permitted levels, the soil
and crops are still highly contaminated by the long-
lived radionuclide 137Cs (half-life of 30.2 years). There-
fore, further studies are needed in order to fully reveal
the relationships between radiocesium and soil and
crops.
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Fig. 2. Radiocesium concentrations (134Cs＋137Cs) in
cover crops (2011-2013). Modified from Hoshino et al.
(2015).
Fig. 3. Transfer factors in cover crops and in soy-
bean grain and crop residues (2011-2013).
Fig. 4. Radiocesium concentrations (134Cs＋137Cs) in
soybean grain and crop residues (2011-2013). Modi-
fied from Hoshino et al. (2015).
To solve the problems of residual contamination and
the reluctance of consumers to buy agricultural pro-
ducts from Ibaraki prefecture, If these problems define
problems here are to be solved local residents need to
understand the situation with respect to food safety and
conduct appropriate countermeasures when growing
crops in Ibaraki prefecture. Moreover, the meaning of
“local food” needs to be reconsidered, and restoring
the confidence of the consumers beyond local markets
is necessary.
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